A total of 300 fish samples were collected from Giza and Cairo shops, supermarkets and restaurants. These samples were 150 raw fish samples of Tilapia, Mackerel and Sardine (50 for each) and 150 ready to eat fish samples of fried Tilapia, grilled Mackerel and grilled Sardine (50 for each). Each sample was subjected to bacteriological and molecular examination for detection of Bacillus cereus and its toxins. The obtained results using PCR indicated that the incidence of B. cereus in raw Tilapia, Mackerel and Sardine were 24% (12/50) , 26% (13/50) and 40% (20/50) respectively ; while for hemolytic toxin was 75% (9/12) , 62% (8/13) and 60% (12/20) , non-hemolytic toxin was 25% (3/12) , 38% (5/13) and 40% (8/20), cytotoxin K was 16.5% (2/12), 15% (2/13) and 0 and Cereulide was 16.5% (2/12) , 7.5% (1/13) and 5% (1/20) in positive samples of B. cereus in raw Tilapia, Mackerel and Sardine respectively. In ready to eat Tilapia, Mackerel and Sardine the incidence of B. cereus were 20% (10/50) , 18% (9/50) and 30% (15/50) respectively ; while for hemolytic toxin were 07% (0/07) ,67% (6/9) and 73% (11/15) , non-hemolytic toxins were 30% (3/10) ,33% (3/9) and 27 % (4/15) in in positive samples of B. cereus in ready to eat Tilapia , Mackerel and Sardine respectively. In this study we didn't detected any cytotoxin K or cereulide toxins genes in any of the ready to eat fish samples.
INTRODUCTION
Food and Agriculture Organization (1994) asserted that fish contributes about 60% of the world's supply of protein and that 60% of the developing world derives more than 30% of their annual protein from fish. Fish and ready to eat fish are susceptible to a wide variety of bacterial pathogens, most of which are capable of causing disease. Among these bacterial pathogens; Bacillus cereus, it is important duo to its ability to produce spores that survive in high temperature and grow at low temperatures (van Netten et al., 1990) .
Bacillus cereus, a Gram-positive, rod shaped endospore-forming bacteria is an important cause of food-borne illness in humans and is frequently involved in foodborne outbreaks (Hall et al.,2001) . The resistance of its spores to adverse environmental conditions has enabled it to BENHA VETERINARY MEDICAL JOURNAL, VOL. 34, NO. 1:420 -429, MARCH 2018 BENHA UNIVERSITY FACULTY OF VETERINARY MEDICINE get distributed widely in the environment. When food is not adequately refrigerated and in the absence of competitive flora, B. cereus grows well after cooking (Kramer and Gilbert ,1989) .
B. cereus is frequently associated with diarrheal and emetic types of food borne illness. Out of two, diarrheal type syndrome caused by enterotoxin (s), results in diarrhea and the emetic type induces nausea and vomiting. B. cereus produces emetic toxin (Agata et al., 1995) and four other enterotoxins: hemolysin BL or Hbl (Beecher and Wong ,1994) , nonhemolytic enterotoxin or Nhe (Lindback et al., 2004) , Cytotoxin K or cytK (Lund et al.,2000) and enterotoxin FM or entFM (Asano et al., 1997) .
The aim of the present investigation was to study the incidence and level of contamination with B. cereus in fish and ready to eat fish using polymerase chain reaction (PCR) besides detection of toxins gene profile of isolates to determine their pathogenic nature.
MATERIAL AND METHODS

Collection of the samples:
A total of 300 fish samples were collected from Giza and Cairo shops, supermarkets and restaurants. These samples were 150 raw fish samples of Tilapia, Mackerel and Sardine (50 for each) and 150 ready to eat fish samples of fried Tilapia, grilled Mackerel and grilled Sardine (50 for each). Each sample was subjected to bacteriological and molecular examination for detection of Bacillus cereus and its toxins.
Isolation and identification of B. cereus:
It was carried out according to (Hwang and Park, 2015) and (Harrigan and McCane , 1976) .
DNA template preparation:
One typical colony from each of the isolates was picked up and inoculated in 5 ml of Brain Heart Infusion (BHI) broth and incubated overnight at 35 °C. The broth culture was subjected for DNA extraction using QIA amp DNA mini kit as per the instructions of manufacturer.
Molecular characterization of B. cereus and its toxins:
The primers used for the detection of toxin genes (hbl, nhe, cytK and ces) in the current study are described by (Ehling-Schulz et al.,2006) (Table 1 ).
The PCR amplification mixture (20 μl) which was used for the detection included 2x master mix, 5 μl of template DNA, 1 μl for forward and reverse of each oligonucleotide primers. The volume was completed by sterile free water to 20 μl, and the vortex was used to mix them well.
The cycling conditions for PCR for detection of B.cereus toxins genes were : initial denaturation at 94°C for 2 min, followed by 35 cycles of denaturation step at 94°C for 15 min, annealing step at 60°C for 45 min, extension step at 72°C for 2 min, and final extension step at 72°C for 5 min. PCR products were detected in 1.5 % agarose gel stained with ethidium bromide, viewed by U.V. light. 
Gene
Primer Sequence (5'-3') Amplified product hbl HD2 F (GTA AAT TAI GAT GAI CAA TTTC) 1091 bp HA4 R (AGA ATA GGC ATT CAT AGA TT)
Ces
Ces F (GGTGACACATTATCATATAAGGTG) 1271 bp Ces R (GTAAGCGAACCTGTCTGTAACAACA) Table ( 2) revealed that by using PCR for detection of Bacillus cereus and its toxins genes in raw samples of Tilapia, Mackerel and Sardine. The percentage of positive samples for B. cereus were 24% (12/50), 26% (13/50) and 40% (20/50) respectively while for hemolytic, nonhemolytic toxins, cytotoxin K and Cereulide toxins in positive samples of B. cereus were 75% (9/12) , 62% (8/13) and 60% (12/20) -25% (3/12) , 38% (5/13) and 40% (8/20)-16.5% (2/12), 15% (2/13) and 0 -16.5% (2/12) , 7.5% (1/13) and 5% (1/20) in Tilapia-Mackerel -Sardine respectively. Table ( 3) showed that detection of Bacillus cereus and its toxins genes in ready to eat samples of fried Tilapia, grilled Mackerel and grilled Sardine. The percentage of positive samples for B. cereus were 20% (10/50), 18% (9/50) and 30% (15/50) respectively while for hemolytic, non-hemolytic toxins in positive samples of B. cereus were 70% (7/10) ,67% (6/9) and 73% (11/15) -30% (3/10) ,33% (3/9) and 27 % (4/15) in fried Tilapia -grilled Mackerel -grilled Sardine respectively. In this study we didn't detected any cytotoxin K or cereulide toxins genes in any of the ready to eat fish samples. 
RESULTS
DISCUSSION
Fish is very important for human nutrition because it is rich in animal protein and other elements for the maintenance of healthy body (Andrew, 2001(. Raw or cooked fish may be harbored B. cereus which can cause human illness duo to it characterized by spore formation and can produce two types of toxin; diarrheic and emetic toxins. Table ( 2) agree with (Abd-Elaziz,2016) who reported that the Positive B. cereus isolates in raw meat, minced meat and meat luncheon were 15% (3 / 20) ,20% (4 / 20) and 20% (4 / 20) respectively while hemolytic and non-hemolytic toxins among the positive isolate were 33% (1/3) and 100% (3/3), 44% (1/4) and 100% (4/4) and 50% (2/4) and100% (4/4) in raw meat, minced meat and meat luncheon respectively.
Results in
Also, the result agrees with (Abbas et al., 2014) who detect the presence of hemolytic (hblA, hblC and hblD) and nonhemolytic enterotoxin (nheA, nheB and nheC) genes in Bacillus cereus strains isolated from milk and milk product collected from local markets. they revealed that the percentage of these genes in B. cereus isolates were 22.58, 51.61, 9.67, 90.32, 58 .06 and 54.83%, respectively. The result agreed with (Tewari et al., 2015) who isolated B. cereus from 30.9 % (29) of the 94 raw meat and meat products samples and its toxin genes nhe, hbl and cyt K were isolated from 89.7 % (26), 55.2 % (16) and 41.4 % (12), respectively. And also agree with (Ehling-Schulz et al., 2006) who detected nhe, hbl, cytK and ces toxins genes from B.cereus food isolates and clinical isolates.
The result is low than that of (Rather, 2011) who detected the incidences of various enteroxigenic genes of Bacillus cereus in meat and meat products by PCR and the result of hblD, hblA, hblC, nheA, nheB, nheC, cytK and entFM were 66.10%, 66.10%,67.78%, 96.61%, 96.61%, 93.22%, 67.78% and 100%, respectively. Also, the result is low than that detected by (Khudor et al., 2012) who make Screening of B. cereus isolates from milk, soft cheese, curls cheese and yogurt by polymerase chain reaction (PCR) and revealed the presence of diarrheal toxin cyt K gene in 87.09 % of isolates.
The low result of the emetic toxin (cereulide) in our study agree with the result of (Abbas et al., 2012) who detected the emetic gene in a percentage of 0.00 %, 10.00 %, and 20.00 % in milk, yogurt and curls cheese, respectively. Counts ranging from 200 to 10 9 gm -1 (or ml -1 ) B. cereus have been reported in the incriminated foods after food poisoning, giving total infective doses ranging from about 5x10 4 to 10 11 partly due to the large differences in the amount of enterotoxins produced by different strains, the total infective dose vary between 10 5 and 10 8 viable cells or spores. So, any food containing more than 10 3 B. cereus/g -1 cannot considered completely safe for consumption (Granum and Lund, 1997) . Table ( 3) agree with that recorded by (Jawad, 2016) who detected 35 B. cereus isolates from 70 ready to eat cooked rice samples and it was found that in the 35 B. cereus isolates 4 (11 %) isolates positive towards hblB and 12 (34%) isolates positive towards nheA by using PCR. The result disagree with (El-Sayed ,2015) who isolate B.cereus from samples of meat sandwiches of kofta, fried liver (kibda) and shawerma in a percentage of 94.29 , 88.57 and 97.14, respectively. In addition that he didn't record hbl gene of B. cereus in any of examined samples but record (nhe,cytk and ces) genes in all examined samples.
Result in
Generally, the infection of raw fish with Bacillus cereus and its toxins is higher than the infection in ready to eat fish. This my duo to the fact that the cooking process may effect on the count of aerobic spore forming bacteria, its ability to form active spore or toxins. (Parry and Gilbert, 1980) , (Houška et al., 2007) and (Desai and Varadaraj, 2010) .
The low percentage of cereulide detected in raw fish and its absence in ready to eat fish may be due to the fact that The emetic toxin only seems to be produced when Bacillus cereus is grown on particular substrates particularly rice and other farinaceous materials. Fried or cooked rice has been implicated in nearly 95% of all emetic toxin food poisoning outbreaks (Jenson and Moir, 1997) . Also, these results may be attributed to that the emetic toxin titers were much highest when B. cereus was grown in skim milk, cooked rice suspension and minimum amino acid-defined medium (MADM) than growth in brain heart infusion (BHI) broth, trypto-soya broth, nutrient broth, tryptosoya agar and cooked rice agar (Agata et al., 1999) and (Shinagawa et al., 1992) .
Finally, it can be concluded that, it is important to make strict hygienic measures in handling and preparation of fish from fishing to consumption to avoid contamination with Bacillus cereus and its toxins. 
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